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SUMMARY 
Irrigation has become an established farm management practice in Missouri 
in the past decade. The claypan prairies have special problems of surface ropog-
raphy and water supply which have limited irrigation development. A few irri-
gation systems have been developed using intermittent runoff stored in single-
farm reservoirs as the water supply. 
A statistical technique based on point counting within a fixed grid was used 
to estimate potential irrigable acreage from available soil and topographic maps 
of the claypan region. A hierarchy of soil type, surface slope, watershed, and po-
tential storage site was established in estimating irrigable acreage. Crop needs 
were estimated from the review of literature. Expected runoff was estimated from 
USGS-ARS records and reports for small watersheds. 
The study indicates that irrigated acreage will be limited in the years of 
greatest need by the water supply available. A storage volume of two years' need 
(plus seepage and evaporation losses) would allow irrigation of 10.1 per cent of 
the watershed while only 7.5 per cent can be irrigated if a single year of storage 
is available, at the 90 per cent probability level. 
Farm systems in use allow irrigation of a larger fraction of the watershed. 
Farm managers need to be aware of the risk (probability level) involved. Farm 
management decisions at planting time might well be based on water already in 
storage. When reservoirs are empty at planting time, there is a low probability 
of irrigation water being available in July. 
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Irrigation Potential of Missouri 
Claypan Prairie Regions 
LEONARD L. KEET O N AND C. F. CROMWELL, JR. 
INTRODUCTION 
Interest in irrigation to supplement natural rainfall for crop production has 
increased greatly in Missouri. While average annual total rainfall is more than 
adequate for crop production, temporary shortages usually occur sometime dur-
ing the growing season. 
Irrigation is rapidly coming into use wherever water supplies are plentiful at 
low cost. Much of the Missouri claypan prairie soil regions doesn't have access to a 
useable underground water supply. Several farm irrigation systems have been de-
veloped in recent years using rain water stored in farm ponds or reservoirs. The 
purpose of this study was to investigate the potential for irrigation with this 
rype water supply in Missouri's claypan prairie regions. 
Characteristics of Prairie Soil Regions of Missouri 
The general locations of the prairie soil regions within the state of Missouri 
are shown in Figure 1. The prairie soils regions of Missouri are of level to gent-
ly rolling topography. They are characterized by a dark colored silty loam to silty 
clay loam A horizon, a heavy silty clay loam B' horizon, and a B2 horizon which 
is very high in clay content and forms a layer which is very slowly permeable. 
It is this characteristic of the prairie soils which gives rise to the term "claypan." 
The claypan soils have a moderate available moisture holding capacity and 
crop yields are often low in seasons of deficient rainfall. Also, during rainy sea-
sons, the slowly permeable claypan, together with the nearly level topography, 
may result in problems of excess moisture. Most of the prairie soils are classified 
by the Soil Conservation Service land classification standards as being in land 
capability unit III or IV, which means that with proper management practices, 
these soils may be quite productive. 
Excess rainfall is normal on the prairies during early spring, resulting in 
surface runoff. In late summer, when the water-use rate of crops is high, the 
moisture available in the soil is often so low that crops suffer. Collecting the 
surface runoff that occurs prior to the growing season and storing it in reservoirs 
may provide a suitable supply of water to supplement rainfall . 
MISSOURI 
Fig. 1-Claypan Prairie Soil Regions 
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REVIEW OF PREVIOUS WORK 
The ground water underlying the northeastern Missouri claypan prairie re-
gion is too saline for irrigation water. ( 47)* The southwestern Missouri claypan 
prairie region is underlain in most areas by ground water of suitable quality for 
irrigation; however, the pumping capacity of a well in the southwestern prairie 
is quite unpredictable, and wells are very expensive due to the depth to which 
they must be drilled to obtain a dependable water supply ( 47). 
Krimgold and Minshall (20) and Smith (39) have reported that with proper 
design and construction, farm reservoirs can furnish a reliable and economic sup-
ply of water for supplemental irrigation, particularly in the claypan prairies, due 
to the favorable precipitation, evaporation, and soil characteristics of the area. 
There are three principal factors to be evaluated in the design of farm reser-
voirs for an irrigation water supply (39). The first of the three is (a) the irriga-
tion-water requirement. For any system, this includes the determination of con-
sumptive use, available moisture storage capacity of the root zone, probable soil-
moisture deficits at the beginning of the season, and irrigation application effi-
ciency. The other factors are (b) evaporation and seepage losses from the reser-
voir and (c) size of drainage area available and probable water yield during drouth 
cycles. 
Rubey (32) states that one-fourth of the 84 years from 1870 through 1953 
in Missouri have been dry and these dry years have been close together, thus 
causing a ruinous accumulation of losses which could have been prevented to a 
large extent with the use of supplemental irrigation. 
Jamison, er. al. (16), reported that for the average season (50 per cent 
of the rime), from records dating from 1890-1958 at Columbia, Mo., the evapo-
transpirarion loss was greater than the summer rainfall. The deficit has been ac-
counted for partially by the stored available moisture in the plant root zone. 
Frequently crop yields are reduced by moisture shortages. 
Estimates have been made regarding the number of years irrigation is needed 
for the claypan soils in central Missouri. Jamison ( 16) has indicated that for 
plants with roots penetrating the upper 2 feet of soil, irrigation may be needed 
at least 4 years out of 10, and at least 12 inches of additional water would be 
needed once every 10 years. The same publication notes that Decker estimated 
irrigation may be beneficial on some crops as many as 10 years out of 11, and 
that for 13 percent of the years, at least 12 inches of water would be needed on 
soils of the claypan type in central Missouri. 
By assuming an irrigation water requirement of 400 acre-inches for the peri-
od July through September, Jamison (16) estimated that 532 acre-inches of stor-
age would be required. The excess 132 acre-inches would be needed to compen-
sate for application losses (assuming an application efficiency of 75 to 80 percent) 
and losses to seepage and evaporation from the 16 acre storage reservoir. This 
*Numbers in parentheses refer to reference numbers in the bibliography. 
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532 acre-inches would be the annual requirement of 16 acres of corn and 16 acres 
of pasture during an extreme drouth when the irrigation water requirement is ap-
proximately 12 inches. Thus for a drouth with a 10-year return period, 1.39 acre 
feet of water is required for each acre irrigated. A 2-year storage volume would 
require 3.10 acre-feet for each irrigated acre. The watershed drainage area required 
" ·· the one-year supply is 25 acres of drainage area per irrigated acre, while the 
two-year supply would require only 14 acres. 
Hall (10) indicated that for average years in Missouri, 6 inches of irrigation 
water are needed and for dry years as much as 12 inches. Storage during a dry 
year should be 1.5 acre feet of lake capacity for each acre to be irrigated. Beasley 
(3) estimated that 1.25 acre feet should be stored for each irrigated acre in all 
except the most severe drouth years. 
Cromwell (8) indicated that one common "rule of thumb" for guidance to 
prairie irrigation design is to assume the need for 12 inches of water in storage 
at the beginning of the irrigation season for each acre of land to be irrigated and 
to provide storage capacity for twice this amount. The general assumption may 
be made that between 5 and 10 percent of a watershed in the prairie region can 
be irrigated using the runoff water from that watershed. 
Consumptive Use of Water by Crops 
Consumptive use or evapotranspiration is the sum of all the water evapor-
ated from the soil surface, from plant leaf surfaces, and transpired by the plants 
(11, 29). Computations of consumptive use may be used as an indication of mois-
ture needs for maximum plant growth and thus serve as a basis for planning an 
irrigation program (31). 
The problem of estimating water requ:rements of plants has been studied for 
more than 70 years ( 17). Some of the more common methods being used at 
present to estimate consumptive use are the Blaney-Criddle Method (6), Lowry-
Johnson Method (24), Penman Method (30), and the Thornthwaite Method 
(42) , all of which are empirical formulas and are based on various assumptions 
concerning the weather factors affecting evapotranspiration (29) . Other methods 
for estimating evaporranspiration have been used depending on weather data 
available (11, 14, 17, 43). Explanations of the methods may be found in the ref-
erences noted. 
Harrold (12) reported that for corn, the average daily consumptive use for 
monthly periods was less than the average daily consumptive use for the peak 
10-day period. For normal rainfall the daily consumption use rate was 0.25 inches 
per day while the average daily consumptive use for the month was 0.21 inches 
per day. When the moisture supply was maintained at a high level, as with ir-
rigation, the 10-day peak was 0.36 inches per day. 
Whitaker and Heinemann (51) reported for McCredie, Mo., the water use 
by corn for various fertility levels and water application rates during three dry 
years (1962-1964). For continuous corn receiving full fertility, the average sea-
sonal consumptive use was 18.9 inches with an average production of 100 bush-
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els per acre. Comparable corn with only starter fertilizer used 18.5 inches and 
produced only 36 bushels per acre; neither received supplemental irrigation. The 
average evapotranspiration for corn receiving adequate fertilizer plus irrigation 
water as needed was 23.8 inches during the corn growing period. The three year 
average corn production was 130 bushels per acre. 
During the drouth of 1954 for data also taken at McCredie, Smith (39) re-
ported the consumptive use of irrigated corn to be 22 inches from planting time 
in early May to September 1. This was an average rate of 0.185 inches per day 
for the entire 120-day period. Daily use reached a peak of 0.37 inches during mid-
July for corn. Consumptive use for soybeans for the same period averaged 0.239 
inches per day for the 120-day period and reached a peak of 0.51 inches per day 
during mid-July. Woodruff (53) assumes the consumptive use of com in the clay-
pan prairies to be a constant of 0.16 inches per day throughout the growing sea-
son. Hall (9) recommended the use of different amounts of consumptive use de-
pending on the daylight characteristics and the time during the growing season, 
the peak use being 0.23 inches per day on bright hot days during June and July. 
Cromwell (8) compared long-term mean rainfall data for two stations in the 
claypan soil regions to estimated evapotranspiration (Table 1) . Useful moisture 
as used here is 75 percent of the total of mean precipitation and available soil 
moisture stored in the root zone at planting time. 
TABLE I-COMPARISON OF RAINFALL TO ESTIMATED EVAPOTRANSPIRATION 
IN THE NORTHEAST AND SOUTHWEST MISSOURI PRAIRIE 
REGIO NS FOR JUNE THROUGH SEPTEMBER 
Parameter 
Available Soil Moisture (in.), Beginning of Season 
Precipitation (in.) 
Precipitation and Soil Moisture (in.) 
Useful Moisture (in.) 
Evapotranspiration (in.) 
Moisture Deficiency (in.) 
Surface Water Supply 
Mexico, Mo 
5.0 
16.3 
21.3 
16.0 
22.3 
6.3 
Lockwood, Mo . 
5.0 
17.9 
22.9 
17 .2 
22 .3 
5.1 
A water supply must satisfy three criteria to be of value for irrigation pur-
poses: There must be an adequate amount of water available for use; the water 
must be of a quality which will not damage crops or land; and the water supply 
must be dependable from year to year with a minimum cost (27). 
Surface water may be taken from streams, lakes, or springs and transferred to 
the point of application by gravity or by pumping. (33) Ephemeral streams are 
often chosen for the site of on-stream holding reservoirs. Water occurring as sur-
face runoff from excessive rainfall during and for a short time after a storm is 
stored until the irrigation season. Rubey (32) and Beauchamp (5) have sug-
gested that ponds located on ephemeral streams, and also located relatively near 
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an intermittent or perennial stream may be filled more readily before the irriga-
tion season by low-cost pumping from the stream into the conveniently located 
"off-stream" reservoir. 
Pumping from intermittent or low-flowing perennial streams into off-stream 
holding reservoirs during the non-irrigating season may greatly increase the num-
ber of irrigated acres adjacent to the stream. Pumping from streams under ex-
tremely low-flow conditions as reported by Skelton (37) may completely deplete 
stream flow. Cromwell (8) has illustrated that direct pumping from streams at 
low-flow conditions by a few irrigators may deprive others downstream. 
General recommendations for the amounts of storage required for each acre 
to be irrigated have been given by various researchers: (39) 
Larson (22) 
Rubey (32) 
Beasley (3) 
University of Illinois ( 48) 
1.00 ac-fr. per acre 
1.50 ac-ft. per acre 
1.25 to 1.75 ac-fr. per acre 
1.50 to 2.00 ac-fr. per acre 
Skelton (38) has developed a method for estimating the storage requirements 
of a reservoir to maintain various draft rates from the reservoir. Long time sur-
face runoff records for gaged watersheds were used in developing the technique. 
He has estimated storage requirements for constant draft rates of 0.02, 0.06, and 
0.10 cfsm (cubic feet per second per square mile watershed area) for ungaged 
watersheds where the 7-day Q 2 is zero for drouth recurrence intervals of 20 years. 
Saxton and Whitaker (34) have estimated the average annual evaporation 
and seepage losses from a 16 acre reservoir at McCredie, Mo., to be 45 .35 inches. 
By correlating evaporation pan data to the water loss calculated by the water 
balance method, the seepage was estimated to be 12 inches per year for the Mc-
Credie reservoir which is a well constructed one. A small, poorly constructed res-
ervoir nearby had an estimated seepage rate of more than twice the amount for 
the large reservoir. 
PROCEDURES FOR DATA COLLECTION 
Eight counties were selected for detailed study in the claypan prairie region. 
Audrain, Callaway, and Knox Counties were selected as typical of the northeast 
Missouri prairie region; Barton, Cedar, Jasper, Lawrence, and Polk Counties were 
seleaed as typical for the southwest Missouri prairie region. Selection of counties 
for srudy was based on (1) their location within the claypan prairie region; (2) 
the availability of soil survey maps; and (3) the availability of topographic maps. 
A standard farm size of 320 acres was chosen for this study due to the ease with 
which boundaries of the units could be determined, even though the average 
farm size in the counties studied was 221 acres. ( 45) 
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Statistical Sampling 
A random sampling method was adopted to choose 30 units in each county 
included in the study. Seven-digit random numbers were obtained from digital 
computer programs. These random numbers were used to select the township, 
range, section number and half-section in a way that gave equal opportunity for 
selection to every half-section within the county. 
Each farm unit selected by this process was investigated as to irrigation pos-
sibilities by a hierarchy of (1) area of suitable soil type, (2) estimated average 
slope, (3) watershed area, and (4) reservoir sire. 
Determination of Areas 
A point counting technique of area estimation developed from a linear in-
tegration method ( 49, 50) for approximating the size of irregular areas was used 
in this srudy. Figure 2 shows the template with known number of points that 
was used in area measurement on topographic maps. Figure 3 illustrates the gen-
eral types of areas which were analyzed. Figure 4 shows the template superim-
posed upon the area to be analyzed, Figure 3. Assume the area to be measured 
is the cross-hatched portion and the area within the outer boundaries is known. 
To determine the area of the cross-hatched portion, the points of the template 
lying inside this area are counted and expressed as a ratio to the roral points of 
the lattice. This ratio of points is the area ratio. The illustration is hypothetical, 
but is an example of the measurements made from the soil survey and topo-
graphic maps. 
A description of rhe desired soil types within each county chosen for study 
is given in rhe Appendix, Table VII. A detailed soil survey map published in 
1954 was available for Jasper County. Semi-detailed maps were available for Bar-
ton (1912) , Callaway (1916), Cedar (1912), Knox (1921), Lawrence (1928), and 
Fig. 2-Template for Measuring 
Areas Using Point Counting 
Technique 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 0 0 0 
0 0 0 0 0 0 0 0 c -0 0 
Fig. 3-Exam.ple Area 
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0 0 0 
0 0 0 0 
0 0 0 0 
Fig. 4-Template Superimposed 
on Area to be Measured 
11 
Polk (1926) Counties. A generalized map was used for Audrain County (1911) . 
Figure 5 shows typical surface topography of prairie soil areas. 
Topographic maps published by the United States Department of Interior 
Geological Survey are available for most of Missouri. Areas with slopes suitable 
for furrow irrigation were determined using contour lines shown on the topo-
graphic maps. 
Many streams are found within some of the claypan prairie regions. Land 
suitable for furrow irrigation is often found adjacent to the streams. This study 
was intended to include only the claypan prairie land irrigable by furrow irriga-
tion. The river and creek bottom land was not included. Such areas are obviously 
irrigable. 
Fig. 5-Typical Claypan Prairie Soil Topography 
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Fig. 6-Wayne Schellbarger farm and reservoirs in Audrain County, south 
of Mexico, Mo., appear in the foreground. The D. C. Mathews reservoir 
is in the upper right. Both farms are in TSON, RIOW. 
The topographic maps were also used to determine watershed areas. Some 
farms contained more than one watershed suitable for reservoir sites. A farm with 
no suitable storage site, as shown by the topographic map, was assumed to have 
no watershed. Figure 6 is a view of three reservoirs and watershed in the claypan 
prairies. All three are on-stream reservoirs. 
Surface Runoff Records 
Skelton (38) has provided a method for estimating the storage requirements 
necessary to withdraw a constant amount of water from a reservoir on a given 
watershed. The data given are for a design return period of 20 years and were 
used to make one estimate of surface runoff from claypan watersheds. 
Saxton and Whitaker (34) have given 25 years of surface runoff records from 
a well-instrumented claypan prairie watershed at McCredie, Mo. These records 
are applicable to this study and have been used as the primary source of data for 
estimating the irrigable acreage on a farm. The McCredie data were supple-
mented by data from larger watersheds in the claypan prairie recorded by the 
Geological Survey. 
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DISCUSSION OF DATA 
Acreage Data 
Table VIII in the Appendix gives results of the area determination for each 
sample farm unit in each county of the study. Table 2 summarizes results of the 
map studies. 
Snedecor and Cochran ( 40) have shown that data are binomially distributed. 
An arc-sin transformation of percentage data was used to estimate mean and 
variance and ro set confidence limits on the mean. Data on the "entire water-
shed" acreage were assumed to be normally distributed without transformation. 
The Soil Conservation Service (28) has estimated the total acreages of the 
various land capability units within each county in Missouri. Its estimates were 
based on samples representing approximating 2 percent of the land area of Mis-
souri. The prairie soil types chosen for this study from the soil survey maps are 
generally classified by the Soil Conservation Service in land capability units Ilwl, 
Ilw3, llle5 , and Illw3. A summation of the land areas within the four capability 
units for each county may be compared to the mean values for the counties un-
der "Slope" in Table 2. Table 3 gives this comparison of the two estimates. The 
data in Table 3 indicate that the two estimates are reasonably close with the ex-
ception of Knox County. The difference in estimates for all counties may be par-
tially explained by the procedures of the different sampling techniques. The soil 
types chosen for the soil survey map study may not be entirely the same as those 
chosen from the Soil Conservation Service land capability units. 
TABLE 2-SUMMARY OF DATA FROM MAP STUDY FOH 320-ACHE FARMS 
5/ 
,_. 
Soil Type Slope Entire Watershed5 ""' Farm Watershed-
County Parameter Percent Acres Percent Acres Percent Acres Acres 
Audrain 
_l/ 
x- 88,03 287 75.07 240 52,59 168 796 
2/ 19,54 19,89 14,45 1144 s-
3/ 95.59 86.27 64.67 1157 ~ x-
u4/ v; 
435 
(/) 
x- 77 ,42 61,83 40,35 0 l c: 
Barton x 74.38 238 61, 76 198 47.93 153 887 C! 
> 
s 24.50 21.39 2.98 1191 Cl 
?:I 
x 86.90 75.51 53.61 1278 n 
u c: t-< 
xl 59.36 46.97 42.28 497 >-l c: 
Callaway ?:I x 36.90 118 23,03 74 51.25 164 487 > t-< 
s 37.18 27.31 3,73 401 tn 
:><: 
'rj 
x 57.04 38.65 59.39 657 trl ?:I u §:: 
xl 18.89 10,51 43,07 318 trl 
z 
Cedar x 3.24 10 2.87 9 33,38 107 200 >-l 
f./l 
7.92 7,24 5.54 117 o-J s > 
-l 
x 7.09 6.34 46,67 267 0 
u z 
xi 0.86 0.73 21. 31 133 
Jasper x 25.90 83 21.73 70 58.22 186 1146 
s 13,25 11,27 10.39 1870 
x 36.56 31.05 68 •. 77 1771 
u 
xi 16.52 13.68 47 .28 520 
(continued next page) 
TABLE 2 (CONTINUED) 
Soil Type Slope 
County Parameter Percent Acres Percent Acres 
Knox 
Lawrence 
Polk 
x 
s 
x 
u 
xl 
x 
s 
x 
u 
xl 
x 
s 
x 
u 
xl 
28.74 
18.92 
42 . 02 
17.11 
13.50 
9 . 87 
20.93 
7.49 
11.55 
21.44 
22 . 64 
3 . 85 
92 
43 
37 
1
x is the average value from transformed data . 
2 
s is the standard deviation from transformed data . 
15.42 
11.39 
23,85 
8 .56 
10.08 
7.51 
15. 83 
5.52 
5 . 35 
11. 77 
11.23 
1.55 
3
x is the upper limit of the 90 percent confidence interval. 
u 
49 
32 
17 
5/ Farm Watershed-
Percent Acres 
60.53 194 
11 . 16 
72.56 
47. 82 
52 , 23 167 
6.43 
61 .75 
42.64 
45.83 147 
6.98 
58.37 
33 . 56 
4
x1 is th
e lower limit of the 90 percent confidence interval. 
5The values under these headings were calculated using only those samples with some desired soil type. 
Entire Watershed~/ 
Acres 
691 
753 
974 
408 
524 
541 
728 
321 
297 
191 
387 
207 
::,; 
1:71 (/l 
1:71 
> ?:1 
n 
:r: 
tJj 
c 
t""' 
t""' 
1:71 
....j 
z 
\.!) 
VI 
tv 
...... 
VI 
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TABLE 3-PRAIRIE SOIL AREAS AS ESTIMATED BY THE SOIL CONSERVATION 
SERVICE (28) AND FROM THE MAP STUDY DATA 
Total scs Map Study 
County County Estimate Estimate 
Acreage (Perc ent) (Percent) 
Audrain 427,775 66.62 75 . 07 
Bar ton 366,054 51. 91 61.76 
Callaway 510 , 189 34.98 23.03 
Cedar 30 8 ,024 12.22 2. 87 
J aspe r 377,002 26.16 21. 73 
Knox 31 8 ,536 53.66 15 .42 
Lawrence 379,430 16 . 38 10.08 
Polk 369,999 11. 93 5.35 
Climatic Data 
Records of precipitation, surface runoff, lake evaporation, and plant evapo-
transpiration were used to determine the water supply and irrigation season needs 
for the claypan prairies of Missouri . The data have been collected and reported 
by the United States Weather Bureau, Agricultural Research Service, United 
States Geological Survey, Soil Conservation Service, and Agricultural Experiment 
Stations. 
Precipitation and Surface Runoff 
Northeastern Missouri. Precipitation and surface runoff data have been recorded 
for 25 years (1941-1965 ) at the McCredie, Mo., experimental claypan watershed 
(34). The predictions of precipitation and water yields are for irrigation purposes ; 
therefore, a water year beginning at the end of the irrigation season was con-
sidered more suitable than a calendar year. There is normally little irrigation 
need after September 1. The water year used was September 1 to August 31. 
The annual precipitation data, Figure 7, and surface runoff data, Figure 8, 
were arrayed and plotted, using normal and log-normal probability distributions, 
respectively. The ordinate is the ratio of the observed value divided by the mean 
value for the period of record and the abscissa is probability, as defined by the 
equation m/ (n+ 1) , where "m" is the order number of the plotted point and "n" 
is the total number of points in the array. McGuinness and Brakensiek (25) have 
presented several other distributions and plotting techniques; however, the ones 
used appear to be reasonable methods of presenting available data. 
The reliability of a water supply for irrigation when derived from surface 
runoff is difficult to estimate. Various researchers (16, 34, 39) have suggested 
that the storage of two consecutive years of runoff may either increase the num-
ber of acres in a watershed which may be irrigated or decrease the watershed area 
needed for irrigating a predetermined area. In view of this fact, consecutive two-
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year surface runoff amounts for the McCredie data were arrayed and plotted by 
technique described above. The data are presented in Figure 9. 
Krimgold and Minshall (20) presented surface runoff data for various time 
periods and probabilities of occurrence in the northeastern Missouri claypan re-
gion. An interpretation of the data is shown in Figure 10. 
Figure 11 shows the rainfall to be expected during the growing season for 
corn. The graph presents the May through August precipitation for the proba-
bilities calculated by the procedures given above. The plot assumes the data can 
be represented by a normal distribution curve. 
If the average daily consumptive use of water in the northeastern claypan re-
gion is assumed to be 0.185 inches per day for a 120 day growing period, the to-
tal water need is 22.20 inches. If the plant root zone can furnish up to 5 inches 
of moisture to the plant, then additional water will be needed for maximum 
crop production approximately 70 percent of the time, assuming an even distri-
bution of rainfall throughout the irrigation season. Since rainfall is not evenly 
distributed, irrigation will be needed more than 70 percent of the time to make 
up for temporary deficiencies in moisture. 
Southwestern Missouri. Krimgold and Minshall (20) have given surface runoff 
data for this region as well as for the northeastern Missouri claypan region. These 
data are shown in Figure 12. 
Precipitation data for Carthage, Mo., were arrayed and plotted in Figure 13. 
The average annual precipitation for the Carthage station is 7.06 inches greater 
than that for the McCredie station in northeastern Missouri; however, the aver-
age May through August precipitation for Carthage (Figure 14) is only 3.31 inches 
greater than the average amount received at McCredie during the same period. 
By assuming the same consumptive use rate (0.185 inches/day) and the same 
soil moisture available (5 inches), the data of Figure 14 (May-August precipita-
tion) indicate that irrigation is needed in the southwestern Missouri prairie re-
gion 45 percent of the time, assuming an even distribution of rainfall throughout 
the irrigation season. Southwest Missouri may have a greater rainfall distribution 
variance than northeast Missouri, and there is a higher incidence of low-humidity 
southwest winds which increase irrigation need. 
Skelton (38) has presented data from which, by inference, predictions of 
surface runoff can be made. The estimates of surface runoff from Skelton's data 
are somewhat higher than the other estimates at comparative probabilities of oc-
currence. Skelton's data were presented in the form of within-year storages re-
quired to maintain constant draft rates from a watershed. The maximum draft 
rate reported for streams with a 7-day Q 2 of zero was 0.1 cfsm (cubic feet per 
second per square mile). The storage required to maintain this draft rate in north-
eastern Missouri was 47 acre-feet per square mile of watershed area. For irrigation 
purposes, water is removed from storage during a short period of time, or "slug 
flow," rather than at a constant draft rate over a long period as assumed by Skel-
ton. The assumption was made that for water removed in "slug flow," the entire 
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amount should be stored. This amount was assumed to be the annual total vol-
ume which could be removed at a constant draft rate as used by Skelton. Pre-
dictions of runoff amounts using Skelron's data and the other data given above 
are summarized in Table 4. 
TABLE 4-SURFACE RUNOFF FROM CLAYPAN 
WATERSHEDS IN MISSOURI 
Probability 
or 
Claypan 
Region 
Occurrence Surface Runoff (In.) 
Northeast 
Northeast 
Northeast 
Southwest 
Southwest 
Mccredie (34)* 
Krimgold 
and 
Minshall (20)* 
Skelton (38) 
Krimgold 
and 
Minshall (20)* 
Skelton (38) 
*Predictions based on Figures 10 and 12. 
(Percent) 
80 
90 
95 
80 
90 
96 
95 
80 
90 
96 
95 
1-Year 2-Year 
2.59 6.32 
. 92 3.08 
.10 1.47 
3.2 8.7 
1 . 5 6.1 
0.8 4.8 
1.36 
2.3 5.6 
1.0 3.0 
0.3 1.5 
0 . 54 
Skelton's constant draft rate of 0.1 cfsm suggests that a rotal of 72.4 acre-
feet per square mile of watershed is the minimum runoff expected 96 percent of 
the time in northeastern Missouri. In southwestern Missouri, Skelton states that 
for a 0.1 cfsm draft rate, the storage required is 2.5 times the amount needed in 
northeastern Missouri, or 117.5 acre-feet per square mile of watershed. The 0.1 
cfsm constant draft rate is a rotal of only 72.4 acre-feet per square mile; thus the 
storage suggested ro maintain the 0.1 cfsm draft rate seems ro indicate that at 
the 96 percent probability level, runoff must be stored for more than a one-year 
period. From Skelron's study, the assumption concerning storage volume re-
quired for "slug flow" appears ro be quite valid for northeastern Missouri, but 
for southwestern Missouri, the storage would need to be greater than the amount 
to be removed in one year. 
Interpretations of the McCredie surface runoff data have been made by Sax-
ton and Whitaker (34) and Jamison, et. al. (16). Their estimates were made ba-
sically in the same manner as those made in this text. The estimates made here 
are based on graphs drawn by "eye ball" fit of curves through data points. Curves 
presented by Saxton and Whitaker were drawn in the same manner. Jamison as-
sumed a log-normal probability distribution fit the runoff data exactly, and used 
the least squares method to fit a straight line to the McCredie data. For a 90 per-
cent probability of occurrence, Saxton and Whitaker estimated 1.2 inches runoff 
for a one-year period and 2.8 inches for a two-year period. Jamison estimated a 
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one-year runoff of 1.15 inches and a two-year runoff of 4.10 inches for the 90 per-
cent probability level. Estimates made in this text were 0.92 inches one-year run-
off and two-year runoff of 3.08 inches for the same probability. Thus, the inter-
pretation of such data depends largely on the assumptions of types of distribu-
tion and technique of curve plotting. 
Factors Limiting Irrigated Acreage 
The maximum irrigable acreage on a farm in the claypan prairies when sur-
face runoff is used for the water source will be dictated in most years by water 
yield. 
Saxton and Whitaker (34) have shown that water yield in inches of depth 
over the watershed is reasonably constant for watersheds ranging from 100 to 200 
acres; thus, the runoff amounts used in this study were assumed constant for 
watershed areas in this range. 
The one- and two-year water yields for northeast Missouri were assumed t0 
be 1.0 and 3.0 inches, respectively, for the 90 percent probability level. These 
values are compromises between the various estimates made from the McCredie 
data. Water yields in southwest Missouri were assumed to be the same as those 
for northeast Missouri. Irrigation water requirement for the driest year in ten was 
assumed to be 10 inches. 
The loss of water from storage reservoirs to seepage and evaporation must 
be taken into account when determining storage requirements to meet irrigation 
needs. These parameters are difficult to estimate because the storage-depth rela-
tionship is unique for each reservoir. Saxton and Whitaker (34) have used a 
water balance technique and evaporation pan data in estimating seepage and eva-
poration from the 16-acre McCredie reservoir. The well-constructed reservoir lost 
an average of 45 .35 inches of water yearly for the period studied. Twelve inches 
of this amount was estimated as seepage loss. Estimates of seepage from a poorly 
constructed reservoir nearby were nearly twice this amount. Jamison, et. al. (16) 
estimated seepage from the same two reservoirs to be 0.85 inches per month and 
1.71 inches per month, respectively. Estimates of mean lake evaporation may be 
made from evaporation maps (18) but were not made in this study. 
For a one-in-ten-year irrigation need of 10 inches, the data by Jamison, et 
al. (16) for the 16-acre McCredie reservoir, or a reservoir with similar swrage-
depth relationship would require 1.11 feet of water per irrigated acre for a one-
year storage volume. A two-year storage volume would require a total of 2.48 
feet of water for each irrigated acre. Thus, a one-year storage reservoir would 
yield sufficient water to irrigate 7.5 percent of a watershed, whereas a two-year 
storage reservoir would yield adequate water to irrigate 10.1 percent of a water-
shed. 
Table 5 summarizes the irrigable acreages on a 320 acre farm as limited by 
soil type, slope, and water yield. Table 5 indicates the number of farms of the 30 
samples per county having claypan prairie soil. It indicates the mean percentages 
of this type of soil on the sample farms having some prairie soil; the percentages 
TABLE 5-IRHIGABLE ACHEAGES ON 320-ACHE FAHMS AS LIMITED BY VAHIOUS FACTOHS 
Averages for Farms With Prairie Soil 
Number of Samples Soil Type Slope Water Yield (Percent of Farm) * 
with Prairie Soil (Percent (Percent 1-Year 2-Year 
County (30 Samples Total) of Farm) of Farm) Storage Storage 
Audrain 29 90.GO 78.13 3 . 94 5.:H 
Barton 27 83 . 71 71.22 3,59 4 . 84 
Callaway 17 83.48 59 . 72 3.84 5 . ] 7 
Cedar 10 26.65 23,88 2.50 3,37 
Jasper 26 33 . 40 28 . 17 4.:l6 5.BB 
Knox 21 52,29 29. 72 4.54 6 . 11 
Lawrence 21 26.21 19 . 84 3.92 5.27 
Polk 14 45.79 22.98 3.43 4.62 
*Water yield from on-the-farm watershed . 
N 
00 
; 
en 
'fl 
0 
c:: 
~ 
> Q 
l"" () 
c:: 
ti 
c:: 
l"" 
> t-< 
tTl 
x 
'"!) 
tI1 
;ti 
i: 
tI1 
z 
..-i 
[fl 
..-i 
> 
..-i 
6 
z 
RESEARCH BULLETIN 952 29 
of this type of soil which have slopes under 3 percent; and the percentages of 
320-acre farms with these soils which are irrigable, using water from adjacent 
watersheds for water yields calculated for the 90 percent probability level. 
It is noted that the irrigable acreage is limited by water yield. A two-year 
storage supply does increase the irrigable acreage considerably; however, the in-
creased cost of constructing a reservoir large enough to hold such a volume may 
make such a reservoir impractical. 
EXAMPLE PRAIRIE IRRIGATION SYSTEMS 
The typical prairie irrigation system is illustrated by Figures 15, 16, and 17. 
Figure 15 shows an on-stream storage reservoir with a portable centrifugal pump 
for transferring water from the holding reservoir to the point of application. Fig-
ure 16 shows two types of pipe used to transfer water to its point of release. 
In some cases in the prairie regions, on-stream storage is not feasible due to 
watershed size, or no suitable storage site on-stream. In such cases, off-stream 
holding reservoirs may be used and water transferred to storage by gravity diver-
sion or pumping. 
The existing systems of Audrain County in northeastern Missouri were sur-
veyed. Six farmers installed irrigation systems for use in 1968. The average size 
of the six farms was 332.5 acres. The average irrigable acreage was found to be 
210 acres or 63.2 percent of the average farm area. On the six farms surveyed, the 
average area planned to be irrigated in 1968 was 65.0 acres. An average of 12.9 
inches of water was stored for each acre to be irrigated. This water was collected 
from a mean watershed area of 162 acres. The farms are on claypan soils, mainly 
Mexico and Putnam silt loams, with claypan depths ranging from 0 to 18 inches 
and slopes from 1 to 3 percent. 
Fig. 15-0n-stream storage reservoir, transfer pump, and aluminum trans-
fer pipe. Paul Veale Farm, Audrain County. 
30 MISSOURI AGRICULTURAL EXPERIMENT STATION 
Fig .. 16-PVC (top) on Joe Wieburg Farm, Audrain County, and collap-
sible plastic pipe (bottom) on Poirot Farm, Lawrence County. 
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Fig. 17-Transfer pump (top) and off-stream holding reservoir (bottom), 
Poirot farm, Lawrence County. 
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Existing systems surveyed in southwest Missouri were very similar to those 
of the northeast. Probably the first prairie irrigation system to be used in Mis-
souri was installed by Gene Poirot in Lawrence County. The Poirot system is 
somewhat unique in that a watershed of 4,000-5,000 acres is available for collec-
tion of surface runoff, and a large part of the watershed is owned by Mr. Poirot. 
The intermittent runoff is detained temporarily in a small on-stream reservoir, 
then released to a pump intake sump downstream and transferred to an off-
stream holding reservoir, Figure 17. The holding reservoir has a storage capacity 
of 100 acre-feet which is used to irrigate about 175 acres of corn. He plans to use 
an average of 6 inches of water per year and a maximum of 8 inches. 
Another large irrigation system in southwest Missouri is the one on the As-
bury Farm Corporation in Jasper County. They planned to irrigate 625 acres of 
corn and soybeans in 1968. The average yearly application planned is 5 inches. 
In their several years of operation, the maximum application has been 6 or 7 
inches. The corporation uses one large shallow lake and pumps from one deep 
well and two streams for their water supply. 
Three irrigated farms in Barton County were surveyed. The average farm 
size was 453 acres with an average irrigable acreage of 320 acres or 70.6 percent 
of the average farm size. A total of 310 acres on the three farms was to be irri-
gated in 1968. An average of 9.95 inches of water was planned for storage for 
each irrigated acre. The water supply on the three farms was to be collected 
from watersheds averaging 223 acres in size. The claypan soil types to be irri-
gated on the farms surveyed in southwest Missouri were Gerald and Parsons silt 
loams with slopes ranging from 1 to 3 percent and claypans at depths of about 
18 inches. 
The original data concerning the existing systems surveyed is given in the 
Appendix in Table IX. A summary of the data is in Table 6. 
TABLE 6-SUMMARY OF EXISTING PRAIRIE IRRIGATION SYSTEMS DATA, 1968 
Audrain County 1 2 Parameter Barton County Maximum Minimum Average Maximum Minimum Average 
Farm Size (acres) 750 105 332 640 320 453 
Acres to be irrigated 100 30 65 200 20 103 
Watershed area (acres) 280 80 162 350 90 223 
Reservoir storage 130 25 69 89 22 62 
(acre-feet) 
Water stored (inches) 20.0 7.5 12 . 9 13.4 4.5 9.9 
per irrigated acre 
Percent of watershed 66.7 25.0 44 . 1 57 . 0 22.0 39.3 
to be irrigated 
Water stored (inches) 8. 0 2.6 5 . 6 4.6 2.6 3.4 
over entire watershed 
583 Probability level (%) 46 80 66 80 72 
1-year surface runoff 
Recurrence interval (years) 1. 9 5 . 0 2 . 4 3.0 5.0 3.3 
1 Farm owners' records. 
2Records of the Soil Conservation Service, Barton County. 
3Example: 58% of time, surface runoff will equal storage capacity of reservoir, based on runoff records of Mccredie 
Experimental Watershed (Figure 8) . 
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CONCLUSIONS 
The survey technique reported here seems to be a useful tool in estimating 
areas. 
Reservoirs have a limited potential as irrigation water sources. There will be 
unique problems to solve with each planned system. While reservoirs give a po-
tential for increased crop production in many years, they are limited by low sur-
face runoff in dry years. (Joe Weiburg in Audrain County reported a 30-month 
period of no runoff from the watershed where he irrigates, Figure 18). 
For a drouth of 10-year recurrence interval, 10 inches of water will be needed: 
A one-year storage volume would be 1.11 feet. A two-year storage volume would 
be 2.48 feet. 
At the 90 percent probability level, 10.1 percent of a watershed can be irri-
gated with a two-year storage volume, while a one-year storage volume will be 
adequate ro irrigate only 7.5 percent of the watershed. 
When the farm watershed is only a small portion of a larger watershed, the 
percentage of the one on the farm which can be irrigated is limited only by the 
size of the entire watershed, using the same probability level. 
Jamison, et al. (16) have used a 96 percent probability level or 25-year re-
turn period while the author suggests a 90 percent probability level or 10-year 
return period for prairie irrigation system design. Farmers in Audrain and Bar-
ton Counties are using a lower probability level, as indicated by the water stored 
per watershed acre. The average probability level being used in Audrain County 
is 58 percent or a return period of 2 .4 years. The average probability level being 
used in Barron County is 72 percent or a 3.3-year return period. These figures 
suggest that farmers in the prairie regions are taking a greater risk than the 10 
percent suggested by the authors. 
Water yields from claypan prairie watersheds, as estimated by data used in 
this study, appear to be conservative, thus the estimated watershed areas which 
can be irrigated would also be conservative. Farm managers can use a much less 
conservative approach to watershed area needed per irrigated acre if they are pre-
pared to base irrigation plans for the season on water supplies already in storage 
at planting time. There is a very low probability of filling empty reservoirs be-
tween planting time and July irrigation time. 
Only a small fraction of the possible prairie irrigation systems have been 
developed to dare. Less than 1,000 acres are expected to be irrigated in Audrain 
County, for example, in 1969. This study would suggest a potential of 4 percent 
of the 428,000 acres in the county, or a potential of 17 ,000 acres. Present systems 
average less than 100 acres so the conservative water yield estimates of this study 
suggest a potential of 200 more such systems. 
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Fig. 18-Joe Wieburg farm in Audrain County. 
Fig. 19-Davis and Feutz Farm in Audrain County showing a number of 
possible reservoir sites in the background. 
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APPENDIX 
DEFINITIONS OF TERMS USED 
Available Soil Moisture. Water contained in the soil which is readily available 
for use by plants. 
Effective Precipitation. Rainfall which is received on an area and percolates into 
the soil profile, and held in the crop root zone for future use. ( 41) 
On-Stream Reservoir. A reservoir which is located on the stream which carries 
surface runoff from a watershed. 
Off-Stream Reservoir. A reservoir which is not located on the stream carrying 
surface runoff from the watershed. It is filled by diversion from nearby streams 
either by gravity flow or pumping. 
7-day Q2 • The median of annual minimum 7-day discharges of a stream. There 
is a 50 per cent chance that the annual minimum 7-day discharge will equal or 
exceed the 7-day Q2 . 
Ephemeral Stream. A stream which has no base flow and carries only surface 
runoff Flow occurs only during rainfall and for a short time after precipitation 
has ceased. 
Intermittent Stream. A stream which may flow for extended periods of time af-
ter precipitation has ceased, but may also be dry at various times. 
Survey. The word as used in this publication refers to on-the-farm visits and in-
terviews with farm owners where data were collected from their records. 
*" 0 
TABLE VII-DESCRIPTION OF SOIL TYPES CHOSEN FOR MAP STUDY 
General Descri12tion 
County Soil Type Topography Depth to 
Topsoil Subso il Claypan (in. ) 
Audrain Putnam Silt Loam Level to undulating Silt loam Clay 16-19 ~ 
(/) 
Bates Clay Loam Level to gently rolling Clay loam Loamy clay 10-15 (/) 0 
Cherokee Silt Loam Level Silt loam Clay 16-18 c::: 
::! Gerald Silt Loam Nearly level to gently --do-- --do -- 18 
> Barton rolling 0 
Summit Silt Loam Level to gently rolling - -do-- Clay loam 10-18 ~ n Summit Silty Clay - -do -- Silty clay --do-~ --do-- c::: 
t"' Loam loam ., 
c::: 
Callaway Putnam Silt Loam - -do-- Silt loam Clay 16-19 ~ > t"' 
Cedar Bates Clay Loam 
--do-- Clay loam Loamy clay 10-15 t:rJ ~ Oswego Clay Loam Nearly level Silt loam Clay 12- 20 'U tT1 
~ Carytown Silt Loam Level to gently rolling --do- - Clay 5-16 ~ Cherokee Silt Loam Level 
--do-- --do-- 15- 26 tT1 z Gerald Silt Loam Nearly level to gently --do-- - -do -- 15- 25 ., 
Jasper rolling (/) ., 
Inola Silt Loam Level to gently r olling --do-- - -do - - 15-27 > ::l Neosho Silt Loam 
- -do-- --do - -
- -do-- 16-28 0 
Parsons Loam --do-_: Loam - -do -- 15-27 z 
Parsons Silt Loam --do -- Silt loam --do--
- -do --
Edina Silt Loam Nearly level Silt loam Clay 12- 18 
Knox Grundy Silt Loam Level to gently rolling - - do-- Clay loam 12-15 
Putnam Silt Loam 
--do-- --do -- Clay 16- 19 
TABLE VII (continued) 
County Soil Type Topography 
Topsoil 
Eldon Silt Loam Nearly level to gently Silt loam 
rolling 
Eldon Gravelly --do-- Gravelly 
Lawrence Silt Loam silt loam 
Gerald Silt Loam --<lo-- Silt loam 
Lebanon Silt Loam Gently undulating --do--
Newtonia Silt Loam Nearly level --do--
Eldon Fine Sandy Nearly level to gently Fine sandy 
Loam rolling loam 
Eldon Silt Loam --do-- Silt loam 
Eldon Gravelly --do-- Gravelly 
Polk Silt Loam silt loam 
Gerald Very Fine --do-- Very fine 
Sandy Loam sandy loam 
Gerald Silt Loam --<lo-- Silt loam 
Lebanon Silt Loam Gently undulating --do--
Newtonia Silt Loam Nearly level --do--
Genera l Description 
Subsoil 
Clay 
Clay loam 
Clay 
--do--
Silty clay 
loam 
Clay 
--do--
Clay loam 
Clay 
Clay 
--do--
Silty clay 
loam 
Depth to 
Claypan (in.) 
12-20 
12-24 
12-20 
7-15 
12-18 
12-18 
12-20 
12-24 
12-20 
--do--
7-15 
12-18 
;:.; 
l:rj 
(/) 
l:rj 
> 
::0 () 
::i: 
c:i 
c 
t-' 
t-' 
l:rj 
'""' z 
\!) 
\J\ 
N 
,j:>. 
...... 
TABLE VIII-MAP AREAS DETERMINED BY POINT COUNTING 
AUDRAIN COUNTY 
~ 
IV 
SOIL TYPE SLOPE FARM WATERSHED ENTIRE WATERSHED 
PERCENT ACHES PERCENT ACHES PEHCENT ACRES ACHES 
15 , 10 48,32 28 , 80 92 , 16 25 , 80 82,56 233,00 
100.00 320.00 100,00 320 , 00 0.00 0.00 0.00 
100 , 00 320,00 57,60 184.32 74.20 237.44 763,00 
95,40 305,28 100 , 00 320.00 57.60 184. 32 231.00 ~ 100,00 320.00 100,00 320,00 63.60 203,52 2150.00 
"' 
"' 100,00 320.00 100,00 320,00 63.60 203.52 825.00 0 c:: 
12.10 38,72 10.60 33.92 15.20 48.64 504.00 ~ 
100,00 320.00 89.40 286 . 08 48.50 155.20 368.00 :> 
96.90 310,08 75.80 242.56 31. 80 101. 76 137,00 Q ~ 
0,00 o.oo 0.00 0.00 0.00 0.00 0.00 r; 
100,00 320.00 100,00 320,00 o.oo o.oo o.oo c:: l"" 
100,00 320 . 00 100 . 00 320.00 63.60 203.52 220.00 >-l c:: 
98,40 314,88 74.20 237.44 40,90 130,88 249,00 ~ > 
98,40 314,88 94 , 00 300.80 100 . 00 320.00 613,00 l"" 
33,30 106 .56 22,70 72.64 95.50 305,60 4050.00 tr1 ><: 
100,00 320 . 00 100,00 320,00 100.00 320.00 498.00 'O tT1 
34.80 111. 36 36.40 116,48 42.40 135.68 174 . 00 ~ ~ 100,00 320,00 100.00 320.00 40.70 130 . 24 140.00 tT1 
100 , 00 320,00 66.70 213 . 44 43,10 137.92 145,00 z >-l 
96,90 310 , 08 30 . 20 96.64 22.70 72.64 85 .00 (/) 
93,90 300,48 100.00 320,00 63 , 60 203.52 267.00 >-l > 
62,10 198.72 63.60 203 , 52 30 ,30 96 . 96 248. 00 >-l 5 
100 , 00 320 , 00 57 , 50 184 , 00 65.20 208 , 64 550 . 00 z 
30 , 30 96.96 28.80 92 . 16 81.80 261 .76 465.00 
100,00 320,00 100,00 320 , 00 12.10 38. 72 4000.00 
84,80 271.36 71, 20 227.84 51.50 164,80 365 . 00 
86,30 276.16 80 , 30 256,96 34.80 111.36 267 . 00 
74.20 237 , 44 50 . 00 160.00 92.40 295.68 2180,00 
100,00 320 . 00 100 . 00 320,00 45.40 145,28 238 . 00 
57 . 50 184. 00 21,20 67.84 95,50 305.60 3123 . 00 
TABLE VIII (CONTINUED) 
BARTON COUNTY 
SOIL TYPE SLOPE FARM WATERSHED ENTIRE WATERSHED 
PERCENT ACRES PERCENT ACRES PERCENT ACRES ACRES 
0 . 00 0 . 00 o.oo 0 . 00 0 . 00 0 . 00 0,00 
39.40 126 . 08 33.30 106.56 25 . 80 82.56 770 . 00 
100.00 320 . 00 100.00 320.00 56 . 00 179.20 693 . 00 
54 . 50 174.40 57.50 184 , 00 44 . 00 140,80 900.00 
100.00 320.00 100 . 00 320 . 00 36.40 116 . 48 485 . 00 
28.80 92.16 32 . 00 102.40 76.00 243.20 4000 . 00 
77 . 30 247. 36 28 . 80 92.16 33,30 106,56 920 . 00 
100 . 00 320.00 81.00 259.20 53 . 00 169.60 280 . 00 
54 , 50 174.40 37.80 120.96 53 , 00 169 . 60 185 . 00 ?=1 
"'1 9 . 10 29.12 6.10 19.52 17 . 30 55.36 545.00 en 
"'1 
o.oo 0 . 00 o.oo 0 . 00 0.00 0 . 00 0 . 00 > ~ 81 . 80 261.76 70 . 00 224.00 64.00 204 . 80 5000 . 00 n 
:i: 95 , 50 305.60 73 . 00 233 . 60 47,00 150,40 222.00 to 100.00 320.00 100.00 320 . 00 50,00 160.00 310.00 c 
t""' 45 . 50 145.60 60 . 50 193 . 60 53 . 00 169 . 60 254.00 t""' 
"'1 100 . 00 320,00 94 , 00 300.80 63.60 203 . 52 400.00 ..., 
84.80 271 . 36 67.50 216.00 54.50 174.40 2800 . 00 z 
95.50 305 . 60 65 , 30 208 . 96 45 . 50 145.60 196 . 00 \0 V\ 
100 , 00 320 . 00 100 . 00 320.00 37 . 80 120.96 310 . 00 N 
34 . 80 111 . 36 82 .00 262 . 40 62,10 198. 72 198 . 00 
o.oo o.oo o.oo o.oo 0 . 00 0.00 0.00 
100.00 320 . 00 100 . 00 320.00 41.00 131. 20 131,00 
90 . 90 290 . 88 47.00 150.40 24.20 77 . 44 555 . 00 
84.80 271 . 36 68 . 20 218.24 27 . 30 87 . 36 252,00 
66.70 213 . 44 69 . 60 222 . 72 41.00 131 . 20 1320 . 00 
97.00 310.40 71,00 227.20 42 . 50 136.00 855 . 00 
97.00 310.40 88,00 281,60 82 . 00 262.40 1500 . 00 
95 . 50 305 . 60 83.30 266 . 56 30.30 96 . 96 189,00 
16, 70 53.44 21.20 67.84 59.10 189.12 296 . 00 >I'>-
100,00 320.00 100 . 00 320,00 76 . 00 243,20 400 . 00 l.j.l 
TABLE VIII (CONTINUED) 
CALLAWAY COUNTY t: 
SOIL TYPE SLOPE FARM WATERSHED ENTIRE WATEHSHED 
PERCENT ACHES PEHCENT ACHES PERCENT ACRES ACRES 
6.10 19 . 52 15 . 20 48.64 40.90 130 . 88 1080.00 
100.00 320 . 00 100 . 00 320.00 71.20 227.84 402 . 00 
o.oo 0. 00 0. 00 0. 00 0.00 0.00 0.00 
0.00 0. 00 0. 00 o.oo 0,00 o.oo 0. 00 $ 100 , 00 320 . 00 100.00 320.00 39.40 126 . 08 185.00 {J') 
{J') 56.10 179.52 33.30 106. 56 48.50 155 . 20 195 . 00 0 
86 . 40 276.48 54.50 174.40 53.00 169.60 254 . 00 c ~ o.oo o.oo o.oo 0. 00 0.00 0.00 0.00 > 90.90 290,88 83.30 266 . 56 59.10 189 . 12 212.00 G'l 
::0 o.oo 0. 00 0. 00 0. 00 0. 00 o.oo 0, 00 n 
o.oo 0. 00 0.00 0. 00 0.00 0.00 o.oo c r< 0.00 o.oo o.oo o.oo 0,00 0.00 0. 00 ..., c 43.90 140.48 36 . 40 116.48 54.50 174.40 1260 . 00 ~ 93.90 300 . 48 68.20 218.24 22.80 72 . 96 73,00 r< 
o.oo o.oo o.oo o.oo 0.00 0, 00 0.00 t:d x 33.30 106.56 24 . 20 77 . 44 51. 50 164 . 80 318 , 00 't1 t"r1 
98,50 315.20 18.20 58.24 83.30 266.56 804 . 00 ::0 ~ o.oo 0 . 00 0, 00 0. 00 o.oo o.oo o.oo t"r1 
o.oo 0,00 o.oo o.oo 0.00 0.00 0. 00 'Z ..., 
o.oo o.oo o.oo 0 . 00 0,00 0. 00 0,00 (/) 
95 . 40 305.28 90.90 290 . 88 42 . 40 135.68 
..., 
280 . 00 > 
75 . 80 242.56 36 . 40 116.48 77.30 247.36 1050 . 00 
..., 
0 100 . 00 320.00 75 . 80 242,56 68,20 218.24 296.00 'Z 
0. 00 o.oo o.oo 0. 00 0.00 o.oo 0 . 00 
27.30 87 . 36 7. 60 24.32 66,60 213.12 880.00 
93.90 300.48 69.70 223.04 28.80 92.16 92.00 
95,50 305.60 36.40 116.48 42.50 136 , 00 840.00 
100 . 00 320.00 100.00 320 . 00 19. 70 63.04 63 . 00 
o.oo o.oo o.oo 0,00 o.oo 0.00 0. 00 
o.oo 0 . 00 o.oo 0. 00 0.00 0.00 0.00 
TABLE VIII (CONTINUED) 
CEDAR COUNTY 
SOIL TYPE SLOPE FARM WATERSHED ENTIRE WATERSHED 
PERCENT ACHES PERCENT ACRES PERCENT ACRES ACRES 
o.oo 11.110 0.00 0.00 0.00 0.00 0.00 
42.40 I :i.-,. Ii' 41.00 131.20 27.30 87.36 102.00 
o.oo 0.11t1 o.oo o.oo o.oo o.oo 0.00 
o.oo 11.llll o.oo o.oo o.oo 0.00 0.00 
o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
o.oo 0.00 0.00 o.oo o.oo 0.00 o.oo 
o.oo o.oo o.oo o.oo 0.00 0.00 0.00 
o.oo o.oo o.oo 0,00 o.oo 0.00 o.oo 
30.30 96.96 15.20 48.64 16.70 53.44 111. 00 ?:! 
o.oo o.oo o.oo o.oo 0.00 0.00 o.oo tl1 (/) tl1 
o.oo o.oo o.oo 0,00 o.oo o.oo 0,00 > 
::<I o.oo o.oo o.oo o.oo 0.00 0.00 o.oo n 
3.00 9.60 3.00 9.60 18.20 58.24 374.00 :r: O:I 68.20 218.24 73.00 233.60 33.30 106.56 107.00 c:: 
28.80 92.16 30.20 96.64 57.50 184.00 214.00 l"" l"" 
tl1 o.oo o.oo o.oo o.oo 0.00 o.oo 0.00 >-! 
o.oo o.oo o.oo o.oo 0.00 0.00 o.oo z 
o.oo 0.00 o.oo o.oo o.oo 0.00 0.00 \0 VI 
o.oo o.oo 0.00 o.oo 0.00 0.00 0.00 IV 
o.oo 0.00 o.oo o.oo 0,00 o.oo 0.00 
12.10 38.72 30.30 96.96 33.30 106.56 131.00 
24.20 77.44 18.20 58.24 16.70 53.44 97.00 
0.00 o.oo 0.00 0.00 0.00 0.00 0.00 
21.20 67.84 16.70 53.44 54.50 174.40 175.00 
0.00 0.00 0.00 0.00 o.oo 0.00 0.00 
28.80 92.16 47.00 150.40 77.30 247.36 412 . 00 
0.00 o.oo 0.00 0.00 0.00 0.00 0.00 
o.oo o.oo 0.00 0,00 0.00 0,00 o.oo 
0.00 0.00 0.00 0.00 0.00 0.00 0,00 >!>-
24.20 77.44 27 .20 87,04 10,60 33,92 276.00 VI 
rABLE VIII (CONTINUED) 
,j:>. 
JASPER COUNTY 0\ 
SOIL TYPE SLOPE FARM WATERSHED ENTIRE WATERSHED 
PERCENT ACRES PERCENT ACRES PERCENT ACRES ACRES 
o.oo o.oo 0.00 0.00 0.00 o.oo 0.00 
6.10 19.52 10.30 32.96 25. 80 82,56 116. 00 
60.60 193.92 66.70 213.44 95.50 305.60 896.00 
18.20 58,24 23.90 76.48 75.80 242.56 375.00 ~ 22.70 72.64 47.00 150.40 90.90 290.88 698,00 en en 
16.70 53.44 15.20 48.64 90.90 290.88 1504.00 0 c:: 60.60 193.92 72.70 232.64 28.80 92.16 92,00 ::i:i 
H 
54.50 174.40 59.10 189.12 39.20 125.44 131.00 > 
1.50 4.80 33.30 106.56 60.60 193. 92 233.00 t;) 
::i:i o.oo o.oo 0.00 0.00 0,00 o.oo o.oo ;=; 
80.30 256.96 75.80 242.56 48.50 155.20 222.00 c:: t""' 
13.60 43.52 17.30 55.36 75.80 242.56 1050.00 >-l c:: 
22.70 72.64 31. 80 101,76 75.80 242.56 296.00 ::i:i > 3.00 9.60 0.00 0,00 o.oo 0.00 0.00 t""' 
3.00 9.60 9.10 29.12 31.80 101. 76 1407.00 trl ?< 
12.10 38.72 26.80 85. 76 31.40 100.48 100.00 'O tl1 
10.60 33.92 28.50 91.20 43.80 140.16 153.00 ::i:i H 
83.30 266.56 81.80 261.76 77.30 247,36 6000 . 00 ~ tl1 
25.80 82.56 36.40 116.48 50.00 160.00 222.00 z >-l 
65.20 208.64 40.00 128.00 54.50 174.40 212.00 (./) 
>-l 16.70 53.44 56.10 179.52 24.20 77.44 77.00 > 
39.40 126.08 24.20 77.44 77.30 247.36 704,00 :l 0 
4.50 14.40 17.40 55.68 43.90 140.48 534.00 z 
68,20 218,24 62,00 198.40 69.70 223.04 2350.00 
63.60 203.52 60.60 193 .92 75.80 242.56 6000.00 
59.10 189.12 66.70 213.44 65.20 208.64 266.00 
o.oo o.oo 0.00 o.oo 0.00 o.oo o.oo 
81.80 261.76 45.90 146.88 100.00 320.00 6000.00 
53.00 169.60 24.20 77.44 31.80 101.76 148.00 
o.oo 0.00 0.00 0.00 0.00 0.00 0.00 
TABLE VIII (CONTINUED) 
KNOX COUNTY 
SOIL TYPE SLOPE FARM WATERSHED ENTIRE WATERSHED 
PERCENT ACRES PERCENT ACRES PERCENT ACRES ACRES 
o.oo 0 . 00 o.oo o.oo 0 . 00 0 . 00 0.00 
71.20 22 7. 84 54 . 50 174 . 40 41.00 131 . 20 435 . 00 
92 . 40 295.68 56 . 00 179.20 50.00 160.00 213 . 00 
27.30 8 7.36 16.70 53 . 44 22 . 70 72 . 64 121. 00 
37,90 121 . 28 17. 80 56. 96 56 . 00 179. 20 179.00 
28 , 80 92.16 15 . 20 48.64 100.00 320.00 2600 . 00 
95.50 305 . 60 57 . 50 184 . 00 68.30 218 . 56 625 . 00 
o.oo o.oo 0 . 00 o.oo 0.00 0.00 0. 00 
o.oo o.oo o.oo o.oo 0.00 0.00 0.00 ?:' 
td 25 . 80 82 , 56 12 . 10 38 . 72 39.40 126.08 525 . 00 (/) td 69. 70 223.04 28 . 80 92 . 16 45,50 145.60 232.00 > ~ 62.10 198 . 72 61 . 50 196 . 80 58 . 60 187.52 312 . 00 () 
::i: 37. 90 121. 28 27.20 87 . 04 86 . 50 276 . 80 1230 . 00 t:P 69 . 70 223 . 04 44 . 00 140.80 66. 70 213.44 436 . 00 c 
t-' 75.80 242 . 56 68.00 217.60 84 . 90 271 . 68 1360.00 t-' td 0,00 0.00 0.00 0 . 00 0,00 0. 00 0 . 00 ..., 
90.90 290 . 88 50.00 160 , 00 66 . 70 213.44 213 . 00 z 
0. 00 o.oo 0. 00 0 . 00 0 , 00 0,00 o.oo \D VI 24 . 20 77 .44 4 . 90 15,68 45 . 50 145.60 238,00 N 
53 . 00 169 . 60 42.50 136 . 00 57. 50 184.00 242.00 
36 . 40 116 . 48 22.70 72 . 64 74.20 237. 44 580 . 00 
18.20 58 . 24 7. 00 22.40 33.30 106.56 1490 . 00 
0 . 00 o.oo o.oo o.oo o.oo o.oo 0 . 00 
48.50 155 . 20 25 . 80 82.56 65.00 208.00 208.00 
10 . 60 33 . 92 0 . 00 0. 00 0 . 00 0.00 o.oo 0 . 00 o.oo 0 . 00 o.oo 0.00 0.00 0.00 
28.80 92 . 16 15.20 48.64 100.00 320 . 00 2600.00 
75 . 80 242.56 54. 50 174 . 40 73. 00 233 . 60 680.00 
o.oo o.oo 0.00 0.00 0.00 0.00 0 . 00 >I>.. 0 . 00 0.00 0 . 00 0.00 o.oo o.oo 0 . 00 ..... 
TABLE VIII (CONTINUED) 
.!>-LAWRENCE COUNTY 00 
SOIL TYPE SLOPE FAHM WATERSHED ENTIRE WATERSHED 
PEHCENT ACHES PEHCENT ACRES PEHCENT ACHES ACRES 
30.30 96 . 96 36 . 40 116 . 48 60.60 193 . 92 194.00 
18.20 58.24 19 . 70 63,04 78,80 252 . 16 2075 . 00 
22.70 72.64 15.20 48 . 64 81 . 80 261.76 329.00 
39.40 126 . 08 22.70 72.64 59.10 189.12 227 . 00 ~ 0.00 0. 00 o.oo o.oo 0.00 0. 00 0. 00 .... [/) (/) 
o.oo 0. 00 0.00 0 . 00 o.oo o.oo o.oo 0 c 25.80 82.56 30.30 96.96 37.80 120.96 185. 00 ~ 
.... 
45.50 145.60 22.70 72.64 53.00 169.60 216.00 > o.oo o.oo o.oo 0,00 o.oo 0.00 0 . 00 Q ~ o.oo 0,00 0.00 0,00 o.oo 0,00 o.oo n 
24.20 77 . 44 27.30 87 . 36 63.60 203.52 1015.00 c t"" 
21.20 67,84 43.90 140,48 66.70 213.44 775 . 00 >-1 c 0. 00 0.00 0, 00 0.00 0.00 0. 00 0.00 ~ 4.50 14.40 12.10 38 . 72 48.50 155.20 1225 . 00 t"" 
7.60 24.32 9. 10 29 . 12 37 . 90 121 . 28 1222 . 00 tT1 :>< 
27.30 87.36 9. 10 29.12 90.90 290 . 88 892,00 .,, tTl 
16.70 53,44 18,20 58 . 24 33,30 106 . 56 106 . 00 ~ ~ 10.60 33.92 16.70 53.44 40.90 130.88 158 , 00 tTl 
0. 00 0. 00 0. 00 0. 00 0.00 0.00 0.00 z o-J 
27.30 87.36 40 . 90 130,88 54 . 50 174 . 40 243.00 r.n 
9. 10 29 . 12 0.00 0.00 0 . 00 0,00 0. 00 o-J > 
0. 00 0. 00 0.00 0.00 o.oo 0.00 0. 00 >-1 0 o.oo o.oo 0,00 0,00 0. 00 o.oo 0,00 z 
74.20 237,44 62.10 198. 72 36 . 40 116.48 116. 00 
6.10 19,52 ] o. (iO 33.92 45.50 145 . 60 364.00 
45 . 50 145.60 48.50 ]!)5,20 45 . 50 145.60 185 . 00 
33.30 lO(i . 56 34.~0 111. 36 56.10 179.52 212 . 00 
13.60 4:l . 52 9. 10 29.12 42.50 136. ()() 135.00 
83.30 26H.56 54 .50 174 . 40 78.80 252 .16 1140. 00 
o.oo 0. 00 0 . 00 0.00 0.00 0 . 00 0.00 
TABLE VIII (CONTINUED) 
POLK COUNTY 
SOIL TYPE SLOPE FARM WATERSHED ENTIRE WATERSHED 
PERCENT ACRES PERCENT ACRES PERCENT ACRES ACRES 
o.oo o.oo o.oo 0.00 o.oo 0.00 0.00 
0 . 00 o.oo 0 . 00 o.oo 0.00 0.00 0 . 00 
95 . 50 305.60 53 . 00 169.60 31.80 101.76 102.00 
o.oo 0 . 00 0. 00 0.00 0. 00 0 . 00 0.00 
o.oo o.oo o.oo o.oo o.oo o.oo o.oo 
o.oo 0 . 00 0. 00 0 . 00 0.00 0 . 00 0.00 
59 . 10 189.12 39.40 126.08 57.50 184.00 214.00 
57.60 184 . 32 51 . 50 164.80 50 . 00 160 . 00 214.00 
o.oo o.oo 0.00 0 . 00 0 . 00 0 . 00 o.oo ?=' 
97.00 310 . 40 97.00 310.40 69 . 60 222. 72 242 . 00 tn ':/) 
tn 84.80 271 . 36 13.60 43 . 52 51.50 164 . 80 194.00 > 
6.10 19.52 o.oo 0.00 o.oo J>j 0. 00 0 . 00 () 
66 . 70 213.44 21.20 67.84 53.00 169.60 286 . 00 :i:: 
to o.oo o.oo o.oo o.oo o.oo 0 . 00 o.oo c 
o.oo 0.00 0. 00 0.00 o.oo 0 . 00 o.oo t""' t""' 
o.oo o.oo o.oo o.oo tn o.oo o.oo 0 . 00 >-l 
o.oo o.oo o.oo o.oo o.oo 0. 00 0.00 z 
o.oo o.oo o.oo o.oo o.oo o.oo o.oo \0 VI 
1. 50 4 . 80 6. 10 19.52 19.70 63 . 04 145 . 00 N 
3.00 9.60 6.10 19 . 52 45.50 145.60 145,00 
o.oo o.oo 0 . 00 o.oo o.oo 0.00 0 . 00 
62.10 198.72 33 . 30 106.56 50.00 160 , 00 545.00 
o.oo o.oo 0. 00 o.oo o.oo 0,00 0 , 00 
o.oo 0.00 0.00 o.oo 0,00 0. 00 0.00 
48.50 155.20 31. 80 101.76 48 . 50 155.20 435,00 
9 . 10 29 . 12 13.60 43.52 77.50 248.00 625.00 
74.20 237.44 16 . 70 53 . 44 72 . 70 232.64 475. 00 
0 . 00 o.oo o.oo 0. 00 0 , 00 0.00 0. 00 
4.50 14.40 16 ,70 53.44 42.50 136.00 535 . 00 
-I'>-0. 00 o.oo 0. 00 0 . 00 0.00 0 . 00 0.00 \0 
50 MISSOURI AGRICULTURAL EXPERIMENT STATION 
TABLE IX-EXAMPLE PRAIRIE IRRIGATION SYSTEMS 
Paul Veale Farm 
Total acres in farm 
Acres farmable . . . 
Acres irrigable ... 
Acres to be irrigated, 1968 
Watershed area (acres) ... 
Reservoir capacity (acre-feet) . 
Wayne Shellabarger Farm 
Total acres in farm 
Acres farmable . . . . . . 
Ac res irrigable . . . . . . 
Acres to be irrigated, 1968 
Watershed area (acres) ... 
Reservoir capacity (acre-feet) . 
~ £.:.. Matthews Farm 
Total acres in farm 
Acres farmable . . . . 
Acres irrigable . . . . 
Acres to be irrigated, 1968 
Watershed area (acres) ... 
Reservoir capacity (acre-feet) . 
Davis and Feutz Farm 
Total acres in farm 
Acres farmable . . . . 
Acres irrigable . . . . 
Acres to be irrigated, 1968 
Watershed area (acres). . . 
Reservoir capacity (acre-feet) . 
Gene Taylor Farm 
Total acres in farm 
Acres farmable . . . 
Acres irrigable . . . 
Acres to be irrigated, 1968 
Watershed area (acres). 
Reservoir capacity . 
Joe Wieburg Farm 
Total acres in farm 
Acres farmable . . . 
Acres irrigable . . . 
Acres to be irrigated, 1968 
Watershed area (acres) ... 
Reservoir capacity (acre-feet) • 
Audrain County 
240 
180 
180 
100 
270 
130 
240 
220 
115 
70 
240 
40 
400 
250 
200 
100 
150 
100 
750 
600 
450 
40 
100 
25 
260 
190 
120 
50 
80 
50 
105 
60 
40 
30 
90 
50 
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TABLE IX (continued) 
Don Bunton Farm 
Tota~ in farm 
Acres fartnable . . . 
Acres irrigable . . . 
Acres to be irrigated, 1968 
Watershed area (acres) 
Reservoir capacity (acre-feet) . 
Reservoir cost per acre-foot storage 
*by furrow, 100 acres total 
George Diggs Farm 
Total acres in farm 
Acres farmable . . . 
Acres irrigable . . . 
Acres to be irrigated, 1968 
Watershed area (acres) 
Reservoir capacity (acre-feet) . 
Reservoir cost per acre-foot storage 
*by furrow, 240 total 
Charles Wood Farm 
~~- --~~ Total acres in farm 
Acres farmable • . . 
Acres irrigable . . . 
Acres to be irrigated, 1968 
Watershed area (acres) 
Reservoir capacity (acre-feet) . 
Reservoir cost per acre-foot storage 
Gene and Severn Poirot Farm 
AcrestObe irrigated, 1968 . 
Watershed area (acres) 
Reservoir capacity (acre-feet) . 
*off-stream reservoir 
Lawrence County 
Plans are for an average application of 6 inches, maximum of 8 inches. 
Jasper County 
--- ---
Asbury Farm Corporation 
51 
400 
400 
250 
20* 
90 
22 
$42 
640 
575 
400 
90* 
230 
89 
$24 
320 
310 
310 
200 
350 
75 
$25 
170 
4500 
100* 
Acres to be irrigated, 1968 . . . . . . . . . . . . . . . . . . . . . . . 625 
Reservoir capacity (acre-feet) . . . . . . . . . . . . . . . . . . . . . . 480 
Water is obtained from two perennial streams, and one deep well. Plans 
are for an average application of 5 inches, maximum of 7 inches. 
